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Table 1 Industrial Analysis and elemental analysis of samples (dry basis)

Tk /% TEEIH%
bk - - PH/(keal kg ™)
WRY KRGy [EERk C H e} N S
GW 7572 3.35 20.93 4897 6.57 4025 052 033 4499
BR 50.52 4545 4.02 2228 375 2511 267 0.75 1829

22 BIERBEMESR

¥ TG/DTG/DSC M Z: Wil 1 st . it ol I
HORETT LAY o 4 A EE. 55 1 BRBE (0~105 C), ‘ ~ 1%
RERAN A%, X — W BB R R R 0L 2o 2
9 K LLROR B TERE L TS €O, N, %, 5 o0 Sk

< N N i o “"" o i 120 <
TR BB BE . 5 2 BB (105~240 °C), & ol ; S 1048 g

T

]-25 &
HARZN 1%, B DTG 4 ih BUE 1 4% ol 130
i % R VR RE D e Y M L . 123,
KU ARLRIE R 205 T, K E T 23
023%C"'s XRW, WM HEID /NI T )i i
U AN A SRR T i 40 % . DSC i 4 R e By E 1 jBi& TG/DTG/DSC Bk
B 1A g g, W el 4033 J-g7 Fig. 1 TG/DTG /DSC curves of biogas residue
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Table 2 Pyrolysis characteristic parameters and comprehensive pyrolysis index of samples

B w(Cmin)  #/C tJC  (dJd), /(% C 1, J/C (d,Jd),en/ (%o °CT) n%  D/108

GW 10 272 410 —0.571 337 —0.089 25.03  12.52
G1B9 10 187 794 -0.314 725 —-0.075 3453 551
G3B7 10 248 764 —0.269 722 —-0.077 32.66 295
G5B5 10 179 750 —0.369 337 —0.079 31.05 836

BR 10 188 783 —0.336 725 —0.072 38.15 542

2.5 FHRIEEST BRI
T o 5 A L B R P, AR R, R THRE R SR Rk
S SN TN FE 43, T e T R B ) R R AR RIS K, K T KA R TR
T XA R ], AR TR W AR I A TR R, BN A T RS R [ G T R
SRR S AR B B, OB G3BT7 BE SR LA 10, 20, 30 °Comin '3 TR RS ATE LK . AR TE
TR R R RE S TG/DTG Bk LI 4, B8, A
5] 353 % R AL S B9 TG Fil DTG iy 26 3% {4 ks #i 100 i |
R . BCUEH, R [ A R i 3 A 3o R o O g o
R R AR — B, Hovk, TR R
P, BURFR AR . X EEREN, SR
T 25 T BUORE S R AR T A WA, AR
PIAEBAE A SR I IR BR R, R & P 0 filt =
(4 M SRR BB B BT 1, 5 BORA: S5 7 40r
Ja, AR ACR R, 5, DTG ik
75 3 A T R G AD P4 10 °Comin! B9 2% T 25 200 a0 e o0
FIK L UL, M TR R TR R, & I
{56 1 7 Ik R O I S B T b e B4 RRAFHREETARRE TG/DTG HA
7 T AR S 2 A Fig. 4 TG/DTG curves of samples at different heating rates
i 4, FTIMFBATTLFEL, FHEHEREY, PAE BN B IG5 FZS R AR K, )
IV EIN == A I iy N N 0 | R G R e 0 o S N 2 g e = Qe NN e I R A SR
fLRERE N, VARG kA . (BNEEIARSK T, FHEEURAE 10~30 Comin™ X #4578 R (19 5% W I A
B, 7ESEPR TR £232 47 H AR O R R R 1 TR R

R3 TEABRETHRABITUESHREERMBRIEY

Table 3  Pyrolysis characteristic parameters and comprehensive pyrolysis index of samples at different heating rates

80 F

. °C-1)

TG/%

60 F

DTG/(%

& v(CminY)  4°C )C (dJd), (% C  1,,/C (/) (%o C) W% D10
10 248 764 ~0.269 722 ~0.077 3266 2.95
G3B7 20 249 769 -0.259 743 -0.076 3383 271
30 252 772 -0.260 339 -0.075 3674 251

2.6 REBIMHZESH

iH 1 Coats-Redfern F73 123K Al A5 2 A #2111 22 S50 3% 5. ARBIF9E 32 2806 $A4if JvE 200~400 °C
(T B B AT LA TR, IR BOR AR B R A LT R R B, RO B, RN
MR8 n, IR pl e R A AP R Se &R, dE SR R R TS AR RE . A S AT LIE F,
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F4 TRABRRETHRABONFESH

Table 4 Pyrolysis kinetic parameters of samples at different heating rates

e v/(C-min")  HREEXE)/C WL RWHE  R* E/(kJmol')  A/min!
10 Y=-794.013X—9.100 n=3 0.913 6.61 0.088 6
G3B7 20 200~400 Y=-851.601X—9.069 n=3 0.961 7.11 0.196 1
30 Y=-862.726X—9.167 n=3 0.944 7.20 0.1723

R5 TRRERLEHESNARINFESH

Table 5 Pyrolysis kinetic parameters of samples with different mass ratios

FE il v/(°C-min") Frt SO R’ E/(kJ-mol™) A/min”™
GW 10 Y=—1453.05X-7.16 n=1 0.933 5 12.08 11.275
GI1B9 10 Y=—323.27X-10.97 n=3 0.943 2 2.68 0.056
G3B7 10 Y=-794.01X-9.10 n=3 0.9127 6.60 0.089
G5B5 10 Y=—1182.98X-7.72 n=3 0.909 1 9.83 5.231

BR 10 Y=—215.85X-11.26 n=3 0.953 8 1.79 0.028
G1BY 10 ¥=-321.01X-10.89 n=3 0.9277 2.66 0.051
G3B7" 10 Y=—584.94X-10.06 n=3 0.9195 4.86 0.026
G5B5” 10 Y=—896.19X-8.94 n=3 0.964 8 7.45 1.174
TE: GIBiSEIGAE B 12 a5t GiBiU ST, 5 SR g (3 PR (1 S B (E X R & 21 43 2 i

ARG REEE S

Mon=1 0, FEARE Y ISR, VTG ERE R 12.08 kI-mol ' 24 n=3 i, JRIE LA R
B, RNIEFLEER 1.76 kI-mol ' FEULIER BB, e MR -9 o MG T B, DL, IR R K
BOHA RAFIIA RO . AL, WARE 559 RN TG A RE = R R AT R | PR MATRE M
SR, PRREMEL, REITTHEEMRER D, Wik RE R, HETE S 2 HIRHKWN
ALY BEW BRI . KRB SE A R Rl . FURCA ALY DA R AR B AR, SRR R 2,
5y 57 it o

Wil 5 D) MR 5 50 S o B A8 P B, T R 1 N T AR B AN DT R T 204 e MR S S o L 451
9 50% W, BTG AL RE T 1.79 kJ-mol ! 45 75 2] 9.83 kJ'mol ', FEET K T i1 0.028 $2 # 5.231, [
TG AL RE 5 46 10 R 7 AR R R R nT RS2, Tl MR 3 I TR A R B A BE N A 4% 5 [RIE,
MK S5 A B A T B4 O TG AL BB N T 3R 3 TR & RE S IR T T BTG fL R o IbAh, B E S
FS XS LU AT LUE Y, A b B SE PR R TG AL RE S R TN (E . X BT, 2 & 7E 200~400 °C 1R 5 A
FEFE—EMRIVE R o AT RE A R R, IR G i, Wb arde 2 . OB RS R IR 2
WA RS AL AERE S R, BEASE K4y 0T L DNIRTHE KT R R I 7 B TG AL RE
3 4%Hig

1) FEl AR 579 5 T s e b A S e eh TR R AR G B A 2 RS M A R R T PR AR
HAEFER , PRLZE N 600 C 2oy B MREE 5 W) P4 aok 2 vh A7 7 TR R e B e s 4h SEAE T,
I PR R HLREAEAIR, PRZEh 400 °C 245,

2) Vel MR 359 5 VR T TR A AR T DL A AR S I ) RS G N SRR, R R S R R £ A A
AR EL, SRR S MATH, fE BE AR RN HEAT o PEMR I SR VR T TR A AR R AR S T L 45y
50%, AL 600 °C 2247,
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Pyrolysis characteristics and kinetic analysis of co-pyrolysis of garden waste
and kitchen anaerobic biogas residue
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Abstract To explore the pyrolysis characteristics of garden waste and kitchen anaerobic biogas residue and the
interaction of their mixed pyrolysis. Thermogravimetric analysis was used to analyze the pyrolysis
characteristics of kitchen anaerobic biogas residue, garden waste and the mixed samples in different proportions,
and the effects of mixing proportion and heating rates on the pyrolysis process were studied. The results showed
as follows, when the garden waste and biogas residue were pyrolyzed separately, the pyrolysis reaction activity
of garden waste was high and the energy consumption was low, and the final pyrolysis temperature was about
400 °C. While biogas slag had low pyrolysis activity and high energy consumption, and the final pyrolysis
temperature was around 600 °C. In the mixed pyrolysis experiment, with the increase of the addition proportion
of garden waste, the sample pyrolysis residual rate decreased and the comprehensive pyrolysis index increased.
The appropriate proportion ratio of garden waste and biogas residue was 50%, and the final pyrolysis
temperature was about 600 °C. Kinetic analysis of garden waste, biogas residue and mixed samples was
performed by the Coats-Redfern integral method. The activation energies of garden waste and kitchen anaerobic
biogas residue were 12.08 kJ-mol ™" and 1.79 kJ-mol ', respectively. The actual activation energies of the mixed
samples were slightly higher than the theoretical values, indicating that the two have a certain inhibitory effect in
the mixed pyrolysis process, while the influence was not significant. The research results can provide a reference
for the mixed pyrolysis treatment of garden waste and kitchen anaerobic biogas residue.

Keywords garden waste; kitchen anaerobic biogas residue; pyrolysis; kinetics; thermogravimetric analysis
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